Hypertension may increase the risk of dementia and physical disability. 1-3 Many individuals report subjective memory and functional complaints many years prior to the development of dementia and Alzheimer's disease or further disability. 4, 5 In the United States, 18.7% of noninstitutionalized individuals report limitations in mental or functional abilities. 6 The association between hypertension and these subjective cognitive complaints has not been evaluated.
Hypertension may increase the risk of dementia and physical disability. [1] [2] [3] Many individuals report subjective memory and functional complaints many years prior to the development of dementia and Alzheimer's disease or further disability. 4, 5 In the United States, 18.7% of noninstitutionalized individuals report limitations in mental or functional abilities. 6 The association between hypertension and these subjective cognitive complaints has not been evaluated.
African Americans disproportionately carry the greatest burden of hypertension in the United States, with a prevalence approaching 47%. 7 African Americans have earlier onset of hypertension and greater hypertension-associated morbidity and mortality than any other racial group. 8 We hypothesized that the magnitude of cognitive and functional limitations related to hypertension would also be higher in African Americans.
Although hypertension is known to increase all-cause mortality, it is not known if the presence of functional or cognitive limitations further affects mortality. Little attention has been focused on the role of cognitive function or physical symptoms in risk prediction. Since self-reported cognitive and functional disabilities are linked to poor outcomes in healthy adults, 9 we propose that they also impact overall mortality in hypertension.
Therefore, our objectives were to estimate the prevalence and trends, measure racial disparity, and investigate the mortality risk of self-reported cognitive and functional limitations in the US hypertensive population over the last decade.
METHODS

Study design
The NHANES is conducted by the National Center for Health Statistics. The complex sampling design included Racial Disparity in Cognitive and Functional Disability in Hypertension and All-Cause Mortality Ihab Hajjar, 1, 2, 3 Whitney Wharton, 2, 3 Wendy J. Mack, 4 Allan I. Levey, 2, 3 and Felicia C. Goldstein 2, 3 BACKGROUND Subjective cognitive and functional limitations are early markers of future dementia and physical disability. Hypertension may increase the risk of dementia; however, the magnitude and significance of subjective limitations in the hypertensive US population are unknown, particularly in African Americans who bear the greatest burden of hypertension. Our objectives were to assess the prevalence and racial disparity of subjective cognitive and functional limitations and their impact on mortality in the hypertensive US population.
METHODS
We analyzed data from the National Health and Nutrition Examination Survey (NHANES) collected between 1999 and 2010 (N = 28,477; 31% with hypertension; 11% African American), which included blood pressure measurement, self-reported cognitive and functional (physical and non-physical) limitations, and all-cause mortality. Complex survey regression models were used.
RESULTS
In the United States, 8% of the hypertensive population reported cognitive and 25% reported functional limitations (vs. 5.7% and 15% respectively in the non-hypertensive population, P < 0.0001). Hypertensive African Americans carried the highest burden of cognitive (11%, P = 0.01) and functional (27%, P = 0.03) limitations compared to non-hypertensive African Americans and to non-African Americans. All-cause mortality was significantly higher in hypertensive individuals who reported cognitive or functional limitations (P < 0.0001 for both) relative to those without either.
CONCLUSIONS
The prevalence of cognitive and functional disability is larger in the US hypertensive population compared to the non-hypertensive population. African Americans with hypertension carry a disproportionate burden of these limitations. Individuals with hypertension who report cognitive or functional symptoms have higher all-cause mortality and query about these symptoms should be part of hypertension evaluation. selecting the primary sampling units, households, and individuals within the households. In 1999, NHANES became a continuous survey with a sample close to 5,000 persons each year. NHANES oversampled non-Hispanic Blacks (or African American). NHANES was approved by the National Center for Health Statistics Research Ethical Review Board and this analysis was conducted using de-identified publicly available data. 10
Keywords
Data elements
Each individual was evaluated by a computer-assisted personal interview system (demographic, socioeconomic, dietary and health-related questions) and an examination by trained personnel (medical, dental, physiological measurements, and laboratory tests). For this analysis we included data collected between 1999 and 2010. To examine trends in prevalence we combined the surveys into 3 periods of 4-year blocks each to improve our estimation abilities (1999-2002, 2003-2006, and 2007-2010) .
Health data were collected during the interviews. Weight was measured using a digital scale, and height was measured using an electronic stadiometer while standing. Laboratory tests included serum creatinine, fasting lipid, glycosylated hemoglobin, c-reactive protein, and urinary albumin.
Hypertension
Blood pressure was measured by a mercury sphygmomanometer by a trained physician in the right arm, unless there was a contra-indication for using that arm. Participants were asked to sit still for 5 minutes. No clothing was allowed between the skin and the blood pressure cuff. The correct size cuff was used (encircling at least 40% of the upper arm circumference and 80% of its length). Three seated systolic and diastolic blood pressure readings were obtained. Hypertension was defined as having a mean systolic blood pressure of 140 or greater, a DBP of 90 mm Hg or greater, or self-reported use of an antihypertensive medication.
Subjective cognitive limitations
Limitations due to cognitive deficits were assessed by asking the question, "Are you limited in any way because of difficulty remembering or because you experience periods of confusion?" The participant was instructed to answer "yes" or "no. " Those who answered "yes" were considered to have subjective cognitive limitations. To assess the association of subjective cognitive limitations (based on this question) with objective cognitive performance, we used the 1999-2002 survey data, when the digit symbol substitution test was also available on 2,971 participants. Those who reported cognitive disability had significantly (P < 0.0001) lower scores on the digit symbol substitution test (mean: 34 SE: 1.6) compared to those who answered "no" (mean: 48 (0.6)). The weighted correlation between cognitive disability and lower score on the digit symbol substitution test was 87% (P < 0.0001).
Subjective functional limitations
Functional abilities were assessed using standardized questions regarding multiple functional domains: (i) activities of daily living (ADL) [getting in and out of bed/eating/ dressing], (ii) instrumental activities of daily living [managing money/doing chores around the house/preparing meals], (iii) general physical activity [lifting/standing/sitting/reaching up/grasping small objects], (iv) mobility [stooping, crouching, or kneeling/walking from one room to another/standing up from an armless straight chair/walking for a quarter of a mile/ walking up 10 steps], and (v) social interaction and activities [participating in social activities such as meetings, parties, or visiting friends]. Responses for all functional domain questions included no difficulty, some difficulty, much difficulty, or unable to do. We defined a limitation in 1 domain if the participant reported "much difficulty" or "inability to perform" on at least 1 task within that domain. Functional limitation was defined as having a limitation in at least one of these domains. The correlation between cognitive and functional limitations was 36%.
Mortality linkage data
National Center for Health Statistics performed linkage between NHANES data (1999) (2000) (2001) (2002) (2003) (2004) and death certificate data available from the National Death Index up to 31 December 2006. Linkage was conducted using a probabilistic approach on eligible participants (13,422 from 1999 to 2004) based on demographics, names, states of birth or residence, and social security numbers. 11 Mortality analyses were conducted only on the survey data from 1999 to 2004.
Statistical analysis
We conducted a separate analysis of each limitation domain using analytical procedures (surveyreg or surveylogistic) that accounted for the complex sampling design of NHANES. All analyses were weighted to the 12 years of examination weights (or 6 years for the mortality analyses). 11 SEs of parameter estimates were calculated using Taylor series linearization. 11 We used the 2000 US population census to calculate age-adjusted prevalence in the United States and the current population surveys for the midpoint at each survey to estimate the population counts with hypertension and disability. 12 We calculated the OR of having disability in the hypertensive vs. non-hypertensive population with adjustments for age, gender, race, stroke, education, congestive heart failure/heart disease (coronary artery disease), diabetes mellitus, and body mass index. We calculated the population attributable risk using the adjusted OR: (number of exposed cases/total number of cases) × [(adjusted OR − 1)/adjusted OR). 13 We also assessed the association (OR) between race and prevalence of both limitations using surveylogistic with race being the independent variable and adjusted for the same covariates.
We assumed that missing data were not at random, and we accounted for that in all our models by including those with missing data as a separate category as recommended by the NHANES analytical guidelines. 11 To assess the prevalence of limitations by race and hypertension, we included the product term (hypertension × race) in our models. A significant P-value for that term indicates a significant difference by race/hypertension status on the corresponding measure. Similarly to assess the impact of gender or age we included a product term in the models.
For the mortality analyses, we fit Cox Proportional Hazard Models adjusted for complex survey design (surveyphreg) to calculate the mortality rates in hypertensive and non-hypertensive participants with and without limitations. Subjects not linked to the death index were censored at the last day for mortality follow-up (December 2006). We conducted 2 survival analyses, first one related to cognitive and the second one related to functional limitations. Survival analyses were adjusted for age, gender, race, systolic blood pressure, education, diabetes mellitus, stroke, body mass index, congestive heart failure, heart disease, and cholesterol. In these analyses we compared the mortality in 4 groups: with and without hypertension/with and without limitations. To assess the impact of race we then included a product term Race × (hypertension/limitation groups) in our models in addition to the other covariates. Finally, we investigated the association between use of antihypertensive medications with each disability in those with hypertension and the prevalence of each disability using surveyreg and antihypertensive medication being the independent variable, and in 3 systolic blood pressure categories (<140, 140-149, and ≥ 150 mm Hg). Because of the effect of antihypertensive medications on systolic blood pressure we conducted the latter analyses in those treated and untreated separately. SAS (Version 9.3, Cary, NC) statistical software was used for all analyses.
RESULTS
Characteristics
A total of 28,477 individuals were included in these analyses (37.5% 20-39 years, 38.9% 40-59 years, 23.6% 60 years or older; 51.2% women, 70.8% non-Hispanic Whites, and 11.1% African American). The prevalence of hypertension was 31% in the combined survey (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Supplementary  Tables 1A and 2A .
Prevalence of subjective limitations in hypertension
Almost a quarter (24%) of the hypertensive US population reported functional and 8% reported cognitive limitations (vs. 15% and 5.7% respectively in the normotensive population, P < 0.0001 for both) as shown in Table 1 . These rates translate to 21,202,454 with subjective functional and 6,537,332 with subjective cognitive limitations in the United States.
Hypertension was associated with higher risk of subjective cognitive OR = 1.42; 95% confidence interval (CI) [1.19-1.70] and functional (OR = 1.24; 95% CI [1.11-1.38]) limitations, after adjusting for age, gender, race, stroke, education, congestive heart failure /heart disease, diabetes mellitus, and body mass index. This higher risk was significant in all the functional subdomains except for activities of daily living (P = 0.99) and social activity (P = 0.21). The unadjusted and covariate-adjusted ORs of both cognitive and functional disability as well as the functional subdomains are shown in Table 1 . After adjusting for covariates, African Americans were more likely to report cognitive limitations: OR = 1.21, 95% CI [1.05-1.40] but not functional limitations: (OR = 1.12, 95% CI [0.99-1.27].
Secular trends in hypertension
Although there was a slight decline in the prevalence of subjective functional limitation from 1999-2002 to 2003-2006, overall, from 1999-2002 to 2007-2010 there was an increase in subjective functional limitations in the hypertensive population to a greater extent than in the normotensive population (P-value for the difference in trends = 0.003) as shown in Figure 1 . A similar difference in trend was observed in subjective cognitive limitations, but it was not statistically significant (P = 0.31). In both cases, there was a slight decrease from 2003-2006 to 2007-2010 in the prevalence of both subjective limitations. During each survey period, the prevalence of disability was higher in hypertensive relative to nonhypertensive individuals (all P < 0.001).
Racial differences in hypertension
African Americans with hypertension had the highest age-adjusted prevalence of subjective cognitive (African Americans with hypertension: 11% and without hypertension: 7%; Whites with hypertension: 7% and without hypertension: 5%; Mexican Americans with hypertension: 8% and without hypertension: 8%; P = 0.01) and functional (African Americans with hypertension: 27% and without hypertension: 17%; Whites with hypertension:23% and without hypertension: 14%; Mexican Americans with hypertension: 22% and without hypertension: 17; P = 0.03) limitations compared to other racial groups with and without hypertension and to African Americans without hypertension as shown in Figure 3 . However in all racial groups, hypertensive individuals had higher prevalence of subjective limitations as shown in Figure 3 .
Mortality risk in hypertension and subjective cognitive or functional limitations
Of the 13,422 participants with mortality data, 1,050 died in the period of examination to 31 December 2006 (mean follow-up = 56.4 months, range 0-92). Relative to those with neither hypertension nor subjective cognitive and functional limitations, functional [hazard ratio = 3.6, 95% CI (2.5,5.1)] and cognitive [hazard ratio = 2.6, 95% CI(1.9,3.5)] disabilities were associated with higher mortality risk in hypertension after adjusting for demographics, body mass index, educational level, blood pressure, diabetes mellitus, stroke, congestive heart failure, and cholesterol level. Kaplan-Meier curves are shown in Figure 2 . Age-adjusted mortality rates were highest in those who had hypertension and had self-reported functional limitation (10.9 per 100 person-years) or cognitive limitations (12.5 per 100 person-years) relative to those without hypertension or without limitations. These results are shown in Table 2 . The impact of the combination of hypertension and physical or cognitive limitations on mortality was also greatest in African Americans (P-values for the impact of race on the hypertension/limitation (race × hypertension/limitation) were 0.0002 for functional limitation and 0.0002 for cognitive limitations after adjusting for the same covariates). Being hypertensive and African American with functional limitations hazard ratio = 1.8, 95% CI (1.3, 2.5) or cognitive limitations hazard ratio = 2.1, 95% CI (1.2, 3.8) were associated with higher mortality relative to the rest of the NHANES sample. 
Impact of age and sex on disability in hypertension
Although subjective functional and cognitive limitations were higher with advancing age, the prevalence of both was similar between the hypertensive and the non-hypertensive individuals aged 75 years or older. (Figure 4A ) Hypertensive participants had higher prevalence than non-hypertensive participants in both sexes, and both hypertensive and nonhypertensive women had higher limitation prevalence than men as shown in Figure 4B .
Impact of treatment and systolic blood pressure levels in hypertension
In those with hypertension, there was no association between reporting use of antihypertensive medication and cognitive (covariate-adjusted OR = 0.97, 95% CI (0.79, 1.19), P = 0.7) or functional (covariate-adjusted OR = 0.90, 95% CI (0.78, 1.04), P = 0.16) disability. There was higher ageadjusted prevalence of functional disability with higher systolic blood pressure in untreated hypertension (<140 mm Hg: 9%, 140-149 mm Hg: 18%, ≥150 mm Hg: 24%, P < 0.0001) and treated hypertension (<140 mm Hg = 23%, 140-149 mm Hg: 24%, and ≥150 mm Hg: 24%, P = 0.0005). However, there was no significant association with cognitive disability (untreated: <140 mm Hg: 6%, 140-149 mm Hg: 6%, ≥150 mm Hg: 10%, P = 0.18; treated: <140 mm Hg = 10%, 140-149 mm Hg: 5%, and ≥150 mm Hg: 6%).
DISCUSSION
Our analyses show that hypertension is associated with greater burden of subjective cognitive and functional limitations in the US population. This burden has increased over the last decade despite relatively constant hypertension prevalence. Italics are the P-values for the comparison between the hypertension and normotension groups. a P-value for the difference between the 4 groups is <0.0001 for both cognitive and functional disability. b Adjusted for age, gender, race, systolic blood pressure, diabetes, stroke, BMI, CHF, cholesterol, and educational level. It is well established that African Americans have more prevalent and more fulminant forms of hypertension. 8 Our study is the first to report from a population perspective that African Americans with hypertension may carry a disproportionate burden of cognitive and functional disability relative to non-hypertensive African Americans or non-African Americans. They also have disproportionate mortality burden from the combination of hypertension and functional or cognitive limitations. As such, our findings highlight the clinical relevance of self-reported cognitive and functional limitations. African Americans are more likely to suffer from cognitive deficits and dementia as well as physical disability 14, 15 and have worse hypertensionrelated complications. 16, 17 Subjective cognitive impairment has been recently recognized as a potential indicator for future cognitive decline and dementia. 9 Our study also suggests that subjective cognitive limitations are linked to all-cause mortality in hypertension. Taken together, our study reinforces the need for evaluating and monitoring those with subjective cognitive symptoms especially in those who have concomitant hypertension. We 1 and others 18 have reported the increased risk of functional disability in hypertension. Our analysis shows that the prevalence of self-reported limitations in cognition or physical functioning in the United States has increased over the last decade to a larger extent in the hypertensive population compared to the rest of the adult US population. This suggests that despite the stabilization of hypertension prevalence and improvement in hypertension detection and control in the last decade, the number of hypertensive people with disability has continued to increase. 19 Considering these findings, there is a dimension of the effects of hypertension on the population that has been largely ignored, namely cognition and functional abilities. This has extensive implications for society and large-scale health economics in this country.
The clinical significance of our findings is that those with hypertension and self-reported disability in the cognitive or functional domains are at increased mortality risk. Both hypertension without disability and disability without hypertension were associated with increased mortality. Within the hypertension group, reporting either disability increases all-cause mortality. Screening and identifying persons with self-reported cognitive or functional limitations using brief questions such as those used in NHANES may offer information about the future risk of death. Those individuals can be risk stratified and may be candidates for clinical trials or interventions to ameliorate these limitations. They should be monitored closely for future complications as their mortality risk is high.
Hypertension is associated with white matter hyperintensities in the brain, 20 cerebral hypoperfusion, 21 neurovascular inflammation, 22 and decreased balance and gait speed. 23 These may offer pathophysiological explanations of our findings.
Our study suggests that disability is also a significant problem in middle age hypertensive individuals. Most disability studies have focused on older adults. We observed that although disability was significantly higher in those 75 years or older; it is not different between normotensive and hypertensive individuals. These results may be related to the competing risk phenomenon or to survival bias. They also highlight the need to address cognitive and physical limitations in hypertension in midlife.
A major strength of this study is that it includes a large representative sample of the US population and includes mortality follow-up data. This is the first study to provide a snap-shot of the magnitude of disability in the hypertensive population. A limitation of our study is the self-reported nature of limitations in NHANES. This is particularly relevant in those who may have subjective cognitive impairment. Self-report is a common method to assess disability and is the main method of obtaining information in the clinical setting. Self-rated health status is an independent predictor of morbidity and mortality. 24, 25 Another limitation is that blood pressure was measured at a single event, which may lead to an error in the estimation of hypertension prevalence. Another limitation is the use of a single question to assess cognitive limitations. The validity of this single question is supported by the strong correlation between self-reported cognitive limitations and digit symbol substitution test performance. Finally, the potential for residual confounding that we failed to include or was not assessed in NHANES is another limitation.
Hypertension is associated with greater subjective cognitive and functional disability in the US population, which in turn is associated with greater mortality. Hypertensive African Americans carry the largest burden of both types of disability. Despite improvement in hypertension treatment and control over the last decade, the number of hypertensive individuals reporting limitations has increased. Targeted interventions in hypertension to decrease this high disability burden are a public health priority especially in African Americans.
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